Objective: To assess whether smoke-free restaurant laws influence the progression from (1) never smoking to early experimentation and (2) early experimentation to established smoking.
R
ECENT EVIDENCE SUGGESTS that laws that protect nonsmokers from secondhand smoke [1] [2] [3] by eliminating smoking in restaurants [3] [4] [5] [6] may not only protect restaurant workers and customers from secondhand smoke 7, 8 but also reduce adolescent smoking initiation 9 by changing the perceived prevalence and social acceptability of smoking among youth. 10 Existing evidence that smoke-free laws reduce youth smoking derives from cross-sectional studies. [11] [12] [13] [14] [15] [16] However, the results of the first longitudinal investigation of the impact of local smokefree restaurant laws on smoking initiation were recently reported. 9 During a 2-year follow-up, Massachusetts youth who lived in a town with a complete restaurant smoking ban had less than half the odds of progressing to established smoking. We report the final results of this study, which reflect the continued follow-up of more than 2000 youths for 4 years. In addition to the extended followup, which improves the validity and power of our analysis, this article adds to the literature by addressing a new research question: if smoke-free restaurant laws reduce smoking initiation, do they do so by inhibiting experimentation with cigarettes or by impeding the progression from experimentation to regular smoking?
Although an abundance of literature has examined risk factors for smoking initiation, [17] [18] [19] few studies 20 have differentiated factors that influence experimentation from those that influence the progression from experimentation to regular smoking. Yet understanding this difference is critical. It would allow us to determine the age and stage at which youths are most sensitive to various types of interventions, thus enabling the more specific tailoring and more effective delivery of smoking prevention interventions.
The present study overcomes several important limitations of the existing research. First, most previous research has not included community-level influences on smoking initiation. 21 We are not aware of any previous studies that have examined the impact of smokefree laws on smoking stage transitions among youths. Second, although most previous community intervention studies have been based on a few communities, we have access to data representing individuals from more than 300 different towns. Third, much of the previous literature is based on cross-sectional designs or on longitudinal designs with only 2 successive observations for each individual (and usually for only a 1-to 2-year period). Our study is a longitudinal analysis that follows up a cohort of youths during a 4-year period, with 3 successive observations for each individual. In summary, our study design provides a unique opportunity to examine not only predictors of overall progression to established smoking but also the specific predictors of transitioning from never smoking to experimentation and from experimentation to established smoking using an integrated multilevel model of adolescent smoking trajectories that incorporates both individual and contextual (community-level) forces.
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METHODS
SAMPLE
Between January 2, 2001, and June 18, 2002, the Center for Survey Research, University of Massachusetts, obtained a probability sample of 3834 Massachusetts youths, aged 12 to 17 years, by random-digit dialing. [7] [8] [9] [10] Of households in which screening interviews were completed, parental permission was obtained to interview 75.9% of eligible youths, and interviews were completed with 84.7% of those.
Between January 30, 2003, and July 31, 2004, we attempted to reinterview all 3834 of the youths in the baseline sample. Interviews were completed with 2791 individuals, for a follow-up rate of 72.8%. Between February 16, 2005 , and March 26, 2006, we attempted to reinterview all 2791 youths who were successfully followed up to wave 2 and all youths lost to follow-up at wave 2. Of the former group, 2045 youths were successfully reinterviewed, and of the latter group, 172 youths were successfully reinterviewed, for a total wave 3 sample size of 2217 (57.8% of the baseline sample). The research protocol was approved by the institutional review boards of the University of Massachusetts and Boston University Medical Center.
MAIN OUTCOME MEASURES
Town of Residence
Town of residence at each wave was obtained using the reported zip code. Most (95.6%) of the reinterviewed youths at wave 2 lived in the same town at baseline and 2-year followup; 2.7% moved within Massachusetts, and 1.7% moved out of state. Of youths interviewed at wave 3, 91.4% lived in the same town at baseline, 5.6% had moved within Massachusetts, and 3.0% had moved out of state.
Strength of Local Restaurant Smoking Regulation
The strength of the local restaurant regulation in effect in each respondent's town of residence on the date of his or her baseline interview was categorized 23 as follows: (1) strong regulations, no smoking allowed in restaurants and no variances allowed; (2) medium regulations, smoking restricted to enclosed separately ventilated areas or no smoking allowed but variances allowed; and (3) weak regulations, smoking restricted to designated areas or not restricted.
Stages of Smoking Initiation
According to the work of Pierce et al, 24 we defined progression to established smoking as having smoked 100 or more cigarettes in one's lifetime. This measure has been formally validated [25] [26] [27] and used in previous studies. [24] [25] [26] [27] [28] [29] [30] [31] The experimentation stage of smoking was then defined as the period from trying a cigarette until becoming an established smoker. Thus, the 3 stages of smoking initiation were (1) nonsmoking, (2) experimentation (having tried a cigarette but not smoked 100 cigarettes), and (3) established smoking (having smoked Ն100 cigarettes).
In the first set of analyses, we model overall progression to established smoking (from either nonsmoking or experimentation). In a second set of analyses, we model each of the 2 possible transitions in smoking stages: (1) from nonsmoking to experimentation and (2) from experimentation to established smoking.
Individual-Level Predictor Variables
We examined the effect of the following individual-level baseline variables: (1) age group (12-14, 15-17, and 18-21 years), (2) sex, (3) race (non-Hispanic white vs other), (4) presence of at least 1 adult smoker in the household, (5) presence of at least 1 close friend who smokes, (6) education level of household informant (college graduate or not), (7) annual household income (Յ$50 000 vs Ͼ$50 000), (8) exposure to antismoking messages at school (yes or no), and (9) self-reported baseline smoking status (nonsusceptible nonsmoker, susceptible nonsmoker, puffer, experimenter, or current smoker). Although none of the study participants included in the analysis had smoked 100 cigarettes at baseline, some had experimented with cigarettes. We controlled for individuals' baseline predisposition to smoking by including in the analysis a set of indicator variables that reflect 5 categories of baseline smoking status: nonsusceptible nonsmoker, susceptible nonsmoker, puffer, experimenter, and current smoker. For this purpose, nonsmokers were defined as respondents who had never puffed on a cigarette, puffers as those who had puffed but not smoked a whole cigarette, experimenters as those who had smoked at least 1 whole cigarette but none within the past 30 days, and current smokers as those who had smoked at least 1 cigarette, including 1 or more within the past 30 days. Nonsmokers were further classified based on a measure of susceptibility to smoking that has been shown to reliably predict progression to established smoking. [24] [25] [26] [27] 29 Nonsmokers were classified as nonsusceptible to smoking if they answered no to the question, "Do you think that you will try a cigarette soon?" and definitely not to the questions, "If one of your best friends were to offer you a cigarette, would you smoke it?" and "At any time during the next year do you think you will smoke a cigarette?"
Town-Level Predictor Variables
We examined the effect of the following town-level variables (included as continuous variables except where noted): (1) ballot initiative that increased the cigarette tax and created a statewide tobacco control program; (2) the percentage of white residents in each town; (3) the percentage of youths (aged Ͻ18 years) in each town; and (4) town population (Ͻ 20 000, 20 000-50 000, and Ͼ50 000). Of many town-level factors examined, these were most strongly related to the strength of local restaurant smoking regulations in Massachusetts towns. 32 The percentage of yes votes on question 1 served as a measure of the baseline level of antismoking sentiment in each town before the proliferation of local restaurant smoking regulations, which correlates with the level of education in the town. 33 All town-level variables were obtained from the 2000 US Census, except for the question 1 vote, which was obtained from the Division of Elections within the Massachusetts office of the secretary of state.
DATA ANALYSIS
Our data set has clustering at 2 levels. First, observations are clustered within individual respondents. Each respondent may contribute up to 2 observations in the data set. Second, respondents are clustered within towns. Because observations among individuals and respondents from the same town may be more similar than observations across respondents or respondents from different towns, we used a multilevel (hierarchical) logistic regression model to examine the relationship between strength of town restaurant smoking regulations at baseline and smoking progression. This procedure accounts for correlation of data within individuals and within town "clusters," reducing the probability of a type I error that could be introduced if this correlation were ignored. 22, 34 All town-level variables were time-independent and assessed at the start of the study (modeled at level 3), except strength of restaurant smoking regulation, which was modeled as a time-varying variable (at level 1), updated at each time point (based on the strength of local restaurant smoking regulation on the interview date). Time-independent individuallevel variables (entered at level 2) were sex, race, informant education level, and household income. The following individual-level variables were modeled as time varying (at level 1): age group, presence of a household smoker, presence of a close friend who smokes, exposure to school-based antismoking messages, and baseline smoking status.
Three separate models were fit. The first model assessed overall progression to established smoking (from either nonsmoking or experimentation). The second model assessed progression to experimentation from a nonsmoking stage. The third model assessed progression to established smoking only from experimentation. Additional exploratory analyses stratified by baseline age were conducted to assess whether age moderates the influence of smoke-free restaurant laws on smoking initiation. All analyses were conducted using 2-sided tests and a significance level of .05. Analyses were conducted using HLM statistical software, version 6.0 (Scientific Software International Inc, Lincolnwood, Illinois).
For the baseline sample, survey weights were computed that adjusted for the number of telephones per household and, hence, for the probability of selection, and for nonresponse. The most important differences between respondents who were followed up successfully and those who were lost to attrition were as follows: respondents who followed up were more likely to be younger, to not have a smoker in the household, to have higher household income, to have more highly educated parents, to be never smokers, to not be black or Hispanic, and to not have a close friend who smokes. We created adjustments to the baseline weights by using an iterative ranking procedure 35 that yielded distributions on age, race, smoking status, parental smoking, and parental educational level that either were identical to those at baseline or differed by at most 1 percentage point.
RESULTS
Our study sample consisted of 2791 unique individuals, contributing 4596 observations. Analysis of overall progression to established smoking was based on all 4596 observations (wave 1 to wave 2: 2623; wave 2 to wave 3: 1818; and wave 1 to wave 3: 155). Analyses of separate smoking stage transitions were based on 4491 observations (wave 1 to wave 2: 2572; wave 2 to wave 3: 1768; and wave 1 to wave 3: 151). Sample sizes for the analyses of separate smoking stage transitions were slightly smaller than for overall progression to established smoking because of missing or inconsistent data on smoking stage for some individuals.
BASELINE CHARACTERISTICS OF THE SAMPLE
Of our total sample of 4596 observations (transitions or nontransitions from nonsmoking or experimentation to established smoking), the overall rate of progression to established smoking during the follow-up periods was 9.3%, and it varied from 9.6% and 9.8% for youths living in towns with weak and medium regulations, respectively, to 7.9% for youths living in towns with strong local restaurant smoking regulations ( Table 1) . Table 2) .
PREDICTORS OF OVERALL PROGRESSION TO ESTABLISHED SMOKING
The association between strong restaurant smoking regulations and overall progression to established smoking seemed to differ by age of the respondent at baseline. The association was present for young (aged 12-14 years) individuals (OR, 0.63) and middle-aged (aged 15-17 years) individuals (OR, 0.52), but not for older (aged 18-21 years) individuals (OR, 1.17).
PREDICTORS OF TRANSITION FROM NONSMOKING TO EXPERIMENTATION
The strength of the local restaurant smoking regulation was not significantly associated with the transition from nonsmoking to experimentation (OR, Table 2) . No effect was found of sex or the proportion of white residents in the respondent's town.
PREDICTORS OF TRANSITION FROM EXPERIMENTATION TO ESTABLISHED SMOKING
Although living in a town with a medium-strength restaurant smoking regulation had no significant association with the transition from experimentation to established smoking, youths living in towns with strong regulations had significantly lower odds of making this transition (OR, 0.53; 95% CI, 0.33-0.86) ( Table 2 ). Other important predictors of transition from experimentation to established smoking included age (OR, 2.47 for youths aged 18-21 years at baseline), more advanced experimentation, presence of a close friend who smokes (OR, 1.85), sex (OR, 0.61 for females), and percentage of white residents in one's town (OR, 1.38 for each 10-percentage point increase). The presence of an adult smoker in the household had no significant effect on this transition. Informant education level was also not a significant predictor of the transition from experimentation to established smoking.
The association between strong restaurant smoking regulations and progression from experimentation to established smoking seemed to differ by age of the respondent at baseline. The association was present for young (aged 12-14 years) individuals (OR, 0.57) and middleaged (aged 15-17 years) individuals (OR, 0.60) but not for older (aged 18-21 years) individuals (OR, 0.99).
COMMENT
To our knowledge, this is the first study to examine the effect of restaurant smoking laws on different stages of the smoking initiation process. Using a hierarchical repeated-measures model that examined individual and contextual factors that influence smoking initiation, we found not only that strong restaurant smoking regulations were associated with a significant decrease in the odds of progression to established smoking among youths but also that this association was specific to the transition from experimentation to established smoking. In addition, the effects of the smoking regulations seemed to be stronger for young and middle-aged youths (aged 12-17 years).
The analysis did not directly examine the mechanisms by which smoking bans might reduce smoking initiation. Nevertheless, the findings are consistent with the conceptual hypothesis, from a previous study, 7 that restaurant smoking bans affect smoking initiation by (1) reducing youths' exposure to smokers in public places, which lowers their perception of smoking prevalence, and (2) changing the perceived social acceptability of smoking. Both of these effects would be expected to influence the transition from experimentation to established smoking but not experimentation in the first place. In general, our results are consistent with the finding from earlier studies 17, 20, 28, [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] that purely individuallevel factors are more important in influencing smoking experimentation, whereas community-level factors mainly exert an influence on the transition from experimentation to regular cigarette use. The major community- level factor we examined-smoke-free restaurant policies-exerted an effect only on the transition to regular use. Parental smoking and parental education level, however, were significant predictors only for cigarette experimentation.
These results have a number of important public health policy implications. First, they suggest that local smokefree restaurant laws may decrease youth smoking initiation. These results extend the follow-up period of our preliminary study 9 to 4 years and improve the overall power of our analysis. If it represents a true effect, the observed 40% reduction in the odds of progression to established smoking in towns with local restaurant smoking bans would suggest that smoke-free policies may be the most effective intervention available to reduce youth smoking.
Second, these findings demonstrate the importance of considering individual-level and contextual factors and of separating the effects of each on various stages of the smoking initiation process. We found, for example, that parental smoking is a strong factor in predicting which youths will experiment with cigarettes. However, once that experimentation has taken place, parental smoking was no longer a factor in the progression to regular cigarette use. This suggests that although interventions that address the role of parents in putting youths at risk for smoking may be effective in deterring experimentation, they are unlikely to succeed in halting the progression to regular smoking among youths who have already tried cigarettes.
Third, our results suggest that the early and middle periods of adolescence are critical times of susceptibility to public policy interventions. Smoke-free restaurant regulations seemed to be less effective for youths older than 18 years.
The primary potential threat to the validity of our findings is the relatively high rate of loss to follow-up in the study. Although not unusual for a telephone survey following up individuals for 4 years, the follow-up rates of 72.8% at wave 2 and 57.8% at wave 3 introduce the possibility of a differential loss to follow-up bias. However, we believe loss to follow-up is an unlikely explanation of our results because loss to follow-up was lower among youths living in towns with strong regulations than among youths living in towns with weak regulations, and those lost to follow-up are more likely to be smokers. At wave 2, for example, only 23.9% of youths living in towns with strong regulations at wave 1 were lost to follow-up compared with 29.0% of youths living in towns with weak regulations. In addition, we expect that those lost to follow-up are more likely to be smokers because follow-up was higher for households with a higher education level and income and for youths who were never smokers without household smokers or close friends who smoked. This combination would bias the results toward the null and result in an underestimate of the effect of smoking regulations because it would produce differentially fewer smokers at follow-up among respondents living in towns with weak regulations. Also, sampling weights were used to yield a study sample that was identical to the full baseline sample in terms of age, race, smoking status, and parental smoking and education level.
A second limitation of this research is that it is not clear whether the results are generalizable to other populations. Local clean indoor air regulations in Massachusetts were adopted under a broad and aggressive statewide antismoking campaign that included a state-of-the-art media campaign that aimed to denormalize smoking and educate the public about the hazards of secondhand smoke. It is not clear whether restaurant smoking laws would have similar effects on youth smoking behavior in states where widespread antismoking programs are not present.
Despite these limitations, the evidence presented in this article suggests that local smoke-free restaurant laws, if they are strong enough (ie, complete smoking bans), may significantly lower youth smoking initiation by impeding the progression from cigarette experimentation to regular or established smoking. Further research is needed to examine the effect of local restaurant smoking regulations in other states, especially in the absence of statewide antismoking programs, and to explore potential mediating factors between restaurant smoking bans and youth smoking behavior. Role of the Sponsor: The funding organizations had no role in the design and conduct of the study, collection, management, analysis, and interpretation of data or the preparation, review, and approval of the manuscript.
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